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Background: Circulating leptin can directly act on tumor cells. However, a recent meta-analysis showed
that plasma leptin concentration had no significant effect on the survival of lung cancer patients. So does
Leptin have an effect on lung cancer? Or there may be other factors that influence the effect.

Methods: Genome sequencing database Oncomine was searched to learn the differential expression of
leptin between tumors and normal lungs. Fresh tumor specimens and paired normal lung tissue from six
lung adenocarcinoma patients were collected, and validate the expression level of leptin. Clinicopathological
information and tumor slices from 60 non-small cell lung cancer (NSCLC) patients were analyzed to
evaluate the prognostic value of autocrined leptin. Whole genome sequencing data from the cancer genome
atlas (TCGA) was analyzed to predict the underlying mechanism of leptin regulating tumor proliferation.
Finally, these findings were confirmed by using cell lines H1299, A549, H460, and H322 to explore the
promoting effect and mechanism of leptin on cell proliferation in vitro.

Results: Five datasets in Oncomine reported the expression of the LEP gene in NSCLC, and 4 datasets
showed that leptin was up-regulated in tumors compared with normal lungs. Leptin was also overexpressed
in 5 out of 6 clinical lung adenocarcinoma specimens. The analysis of the 60 NSCLC patients revealed that
autocrined leptin could serve as an auxiliary prognostic factor, and a higher expression of leptin indicated
a higher survival risk. Gene set enrichment analysis (GSEA) showed that the PI3K/AKT/mTOR signaling
pathway was positively enriched when the LEP gene was highly expressed, while the P53 signaling pathway
was negatively enriched. Leptin promoted cell cycle and clone formation in H1299 and A549 cells, up-
regulation or down-regulation of leptin in these two cell lines led to enhanced or declined proliferation.
Finally, it was confirmed that the PI3K/AKT/mTOR signaling pathway was positively regulated by leptin
expression, while the P53 signaling pathway was negatively regulated.

Conclusions: Autocrined leptin was observed in majority of NSCLC tissue, which could serve as
an auxiliary prognostic factor for NSCLC patients. Autocrined leptin had a promoting effect on the
proliferation of NSCLC cells, which probably positively regulating the PI3K/AKT/mTOR signaling pathway
and negatively regulate the P53 signaling pathway.
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Introduction

During cancer development, the interaction between
cancer-promoting factors, and cancer-inhibiting is
complicated, but in general, cancer is a systemic disease,
and not a disease restricted only to its cancerous organs (1).
There is a long history of exploration of the systemic risk
of cancer, an important area of which is the impact of
internal secretion systems on cancer. From this perspective,
cancer can be thought of as an endocrine disease, with
its occurrence and development being regulated by the
systemic endocrine signal. These signals are usually
produced by specific tissues or cells that produce and
secrete peptide hormones, which are transported by blood
circulation to distant target cells (2). Hundreds of cancer-
related hormones have been identified and studied thus
far, the most important of which include sex hormones,
glucocorticoids, melatonin, growth hormone, thyroid
hormone, gonadotropin, and pituitary hormone (3).

Adipose tissue has long been thought to be simply the
tissue in the body that stores energy, but with the discovery
of adiponectin, omentin, visfatin and other hormones
secreted by adipose tissue, the fact that adipose tissue is
an active secretory tissue in the body has been gradually
accepted (4,5). Leptin, which was first discovered in 1994,
is a protein hormone secreted by adipose tissue and a
polypeptide product encoded by the leptin gene (LEP)
located on chromosome 6 in mice and chromosome 7 in
humans. Leptin is similar to some interleukins (IL-6) in
molecular structure (6). The discovery of leptin led to
the identification of the role of adipose tissue in nutrition
and immunity (7). Its two primary functions were initially
identified: (I) reduction of appetite for the central nervous
system (CNS) action; (II) lipodecomposition activity on
peripheral tissues, and the stimulation of the oxidation of
fatty acids, so as to prevent the accumulation of fat (8) and
fatty acids.

In the blood, leptin appears in its free form, which can
bind to a receptor (Ob-R) on targetable cell membrane.
Subsequent studies have confirmed that this endocrine and
paracrine active adipokine is mainly produced by adipose
tissue, but is also present in gastric mucosa, skeletal muscle,
breast epithelium, placenta, bone marrow, pituitary gland
tissue, and osteoblasts (9).

In recent years, more and more studies have shown
that leptin plays an important role in tumor progression.
Adipocyte homeostasis depends on leptin, and resistance
to leptin leads to adipotoxicity and apoptosis of cellular fat,
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which increase the risk of neoplasia (10). When the leptin
signaling is impaired, the excess fat is stored in nonadipose
tissue and oxidized. As a result, these cells are exposed to
large amounts of lipid metabolites, such as ceramides, nitric
oxide, and peroxides, which can cause lipid breakdown
or tumorigenesis (11). In addition to the consequences of
impaired leptin activity, it can be directly attributed to its
ability to stimulate cell proliferation.

The increased concentration of leptin in the blood is
closely related to the decline of the long-term prognosis of
patients with various malignancies, including breast cancer
(12,13), colon cancer (14,15), prostate cancer (16), thyroid
cancer (17), and ovarian cancer (13,16). Further studies have
shown that leptin, produced by fat cells and secreted into
the blood, acts on tumor cells in an endocrine manner, by
activating a series of signaling pathways in cells, including
JAK/STAT3, PIBK/AKT, MAPK/ERK, and insulin receptor
pathways. These pathways are closely related to cancer
proliferation, invasion, and metastasis, which are activated
by leptin through its receptor (Ob-R) on the tumor cell
surface, and promote tumor progression, worsening the
long-term prognosis of patients (18-20).

Previous studies have shown that leptin facilitates the
growth of malignant tumors such as breast cancer, colon
cancer, and prostate cancer. Multiple reports from in vitro
studies have shown that leptin has a promotive impact
on the proliferation, metastasis, and angiogenesis of lung
cancer. However, a recent meta-analysis showed that plasma
leptin concentrations had no significant effect on long-term
outcome in patients with lung cancer (18). Several studies
have shown that leptin and its receptor are overexpressed
in NSCLC, and leptin protein is mainly expressed in the
cytoplasm of epithelial cells (cancer cells) and the expression
level is higher than that of normal lung tissues, while Ob-R
is expressed in both cytoplasm and the membrane of tumor
cells (18,19,21-27). Thus, whether leptin promotes the
proliferation of lung cancer remains unclear. Since leptin
concentration in the plasma of patients with lung cancer is
not in accordance with the prognosis of lung cancer. In the
current study, we assume that leptin acts on NSCLC cells
most probably through an autocrine manner. We assume
that leptin acts on NSCLC cells most probably through
an autocrine manner, and further explore the molecular
mechanism of its carcinogenic effect by which autocrined
leptin promotes the proliferation of NSCLC.

We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
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Methods
Case selection

Sample one

Tumor tissue samples and normal lung tissue samples of
six patients with different pathological subtypes of lung
adenocarcinoma were collected to observe the differential
expression of LEP. These six patients undergone
thoracoscopic lobectomy at the First Affiliated Hospital of
Dalian Medical University in June 2019, and all surgical
specimens were immediately immersed in liquid nitrogen
after resection.

Sample two

"This study retrospectively collected a total of 60 clinical and
pathological specimens from patients with stage II to III
(the 7th TNM stage) lung adenocarcinoma who underwent
thoracoscopic lobectomy at the First Affiliated Hospital of
Dalian Medical University from June to December 2012.
There were 29 males and 31 females enrolled, and the
age ranged from 37 to 76 years old. Criteria for inclusion
of patients into the study were the following: diagnosed
by positron emission tomography (PET) or computed
tomography (CT), with no contralateral lymph node
enlargement or distant metastasis; no chemoradiotherapy
before surgery; intraoperative pathological examination
showing lung cancer and no tumor cells in the residual
margin; systemic lymphadenectomy during operation.
All cases included had complete clinical data, including
age, gender, degree of tissue differentiation, TNM stage,
invasive situation, and other clinicopathological features.
All patients received four cycles of chemotherapy with a
platinum and pemetrexed plan. The study was approved
by the Ethics Committee of the First Affiliated Hospital of
Dalian Medical University (No.: PJ-KS-KY-2021-39), and
all participants signed written informed consent forms. This
study conformed to the provisions of the Declaration of
Helsinki (as revised in 2013).

All patients were followed up every 3 months in 1 year
after operation, and then every half a year; follow-up
included physical examination, chest CT scan, and tumor
marker examination. Overall survival (OS) was defined as
the time from the diagnosis of the disease until the death
of the patient or the end of follow-up. For each patient,
the follow-up period was 60 months, and we censored

© Annals of Translational Medicine. All rights reserved.

Page 3 of 19

information from patients who were lost to follow-up or
who died from causes other than lung cancer. Disease-free
survival (DFS) was defined as the time from the patient’s
surgery until the first diagnosis of tumor recurrence.

Cell lines and plasmids

Human lung adenocarcinoma cells H1299, A549, H460,
and H322, human embryo lung fibroblasts (HLF), and
human bronchial epithelial (HBE) cells, were all acquired
from the American Type Culture Collection (AT'CC).

Four plasmids containing the short hairpin RNA (shRINA)
sequence for the LEP gene and one containing the open
reading frame (ORF) for the LEP gene were included. The
full-length plasmids were obtained from the human gene
library of the Institute of Cancer Stem Cells, Dalian Medical
University. The sequence of the four shRNA fragments
were as follows: shl 5'-TGGAAGCACATGTTTATTT-3',
sh2 5'-TGCTTGAAACCAAAGATAT-3", sh3
5'-AAGTCCAAGATGACACCAA-3', and sh4
5'-AGGACCAGGTTATTTTAAA-3". The specific steps of
lentivirus packaging have been described previously (28).

Antibodys and reagents

Rabbit anti-human leptin monoclonal antibody was
purchased from Bioss Antibodies (Woburn, MA, USA);
rabbit anti-human LC3, B-actin, and P62 monoclonal
antibodies were purchased from Proteintech; rabbit anti-
human Ob-R monoclonal antibodies were purchased from
Shenyang Wanlei Biological Company (Shenyang, China);
Rabbit anti-human AKT, p-AKT, p-ERK, p-NF-xB,p65,
cyclin D1, CDK2, p53, MDM2, p-MDM2, and p-mTOR
monoclonal antibodies were purchased from Cell Signaling
Technology (CST, Danvers, MA, USA).

Immunohistochemical (IHC) studies

IHC staining was carried out according to the methods
previously reported, and to observe the amount and location
of leptin expression.

Western blotting

The total proteins of four non-small cell lung cancer
(NSCLC) cell lines, H1299, A549, H460, and H322, and the
control cell line, HLE, were analyzed by western blotting.

Protein immunofluorescence staining

Protein immunofluorescence was used to detect the effect of
endogenous leptin expression level on the expression level of
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Figure 1 Analysis of differential LEP gene and leptin expression in lung cancer and normal lung tissue. (A) An overview of 389 Oncomine
gene sequencing datasets: 38 datasets reported low LEP gene expression in cancer tissues, and 4 reported high LEP gene expression in
cancer tissues; leptin showed weaker expression in breast cancer, colon cancer, sarcoma, and other malignant tumors. (B) The LEP gene
was highly expressed in 261 lung adenocarcinoma specimens in the Oncomine TCGA Lung dataset (compared to 810 normal lung tissue
specimens). (C) The LEP gene in the Oncomine Selamat Lung dataset was highly expressed in 58 Lung adenocarcinoma specimens (compared
to 58 normal lung tissue specimens from corresponding patients). (D) The LEP gene was highly expressed in 58 lung adenocarcinoma
specimens in the Oncomine Hou Lung dataset (compared to 58 normal tissue specimens and 46 other pathological lung cancer tissue
samples). (E) The LEP gene in the Oncomine Beer Lung dataset was highly expressed in 86 Lung adenocarcinoma specimens (compared
to 10 normal tissue specimens). (F) The LEP gene in the Oncomine Weiss Lung dataset was highly expressed in 77 lung adenocarcinoma
samples (compared with 59 normal tissue samples and 155 lung squamous cell carcinoma tissue samples). (G) Western blotting was used to
compare leptin expression levels of 6 patients’ lung adenocarcinoma tissues with different pathological subtypes and normal control lung
tissues (Sample one); the results showed that leptin was overexpressed in lung adenocarcinoma tissues in 5 patients (compared to normal

control lung tissues). **, P value <0.01 (z-test).
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autophagy-related protein, LC3-II, in H1299 cell lines.

Bioinformatics

The Oncomine database(https://www.oncomine.org/) was
used to determine the differential expression of the LEP
gene between lung cancer and normal lung tissue. After
logging into the database, “LEP (GENE)” was input into
the search bar to query the LEP GENE Summary View.
In the overview interface, the retrieval condition of LEP
GENE was set as the following: (I) GENE = LEP; (II)
Threshold (P value) =0.05; (IIT) Threshold (Fold Change)
=1.5; (IV) Threshold (Gene Rank) =10%; (V) Data Type =
ALL; (VI) Analysis Type = Cancer vs. Normal Analysis. An
overview of LEP gene expression in different cancer types
was thus retrieved. The expression of LEP in lung cancer
tissues and normal lung tissues in different data sets was
analyzed, and a box chart was drawn with log2 (expression
amount) as the vertical coordinate to visually show the
differential expression of the LEP gene in lung cancer
tissues and normal lung tissues.

Complete transcriptome expression data of all
524 patients with lung adenocarcinoma in the database
were downloaded from the official website of The Cancer
Genome Atlas (TCGA) (https://www.cancer.gov/) for
this study. The original data contained messenger RNA
(mRNA) expression levels of more than 19,000 defined
genes of these patients.

We performed gene set enrichment analysis (GSEA) using
the whole genome sequencing data of lung adenocarcinoma
patients from TCGA. The Kyoto Encyclopedia of Genes
and Genomes (KEGQG) was used to map gene pathways.
The R language “limma” package was used to calculate the
differential expression of genes in 524 lung adenocarcinoma
tissues. The “clusterProfiler” package was used for
enrichment analysis and visualization of genes significantly
co-expressed with the LEP gene, and a P value <0.05 was
considered statistically significant. A gene heat map was
used to describe the expression of LEP gene in cell signaling
pathway. The relationship between the gene expression in
cell signaling pathway and the LEP gene expression was
described by a gene heat map.

RT-PCR

Reverse transcription polymerase chain reaction (RT-PCR)
was used to detect the expression of LEP mRNA in four
human lung adenocarcinoma cell lines and two control cell
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lines. Total RNA was extracted by Trizol method, and the
reverse transcription system was performed according to
the instructions of a reverse transcription kit, at 37 °C for
3 min. The first strand of complementary DNA (cDNA) was
synthesized at 85 °C for 5 s. The chain reaction amplification
system was prepared according to the instructions of the
PCR integrated reagent. The reaction procedure was
30 cycles of the following: 95 °C for 3 min, 94 °C for 30 s,
60 °C for 30 s, and 68 °C for 120 s. After the reaction, agarose
gel electrophoresis was used to detect the DNA bands and
analyze the results. The leptin gene primer sequence was
the following: F;, ATGCATTGGGGAACCCTGTGCGG;
R, TGAGGTCCAGCTGCCACAGCATG.

Flow cytometry analysis

Flow cytometry apoptosis test with annexin V-FITC/
propidium iodide (AV/PI) staining was used to detect the
effect of endogenous leptin expression in H1299 and A549
cells on the apoptosis of lung adenocarcinoma cells. The
cells to be tested were inoculated in a 10 cm petri dish, and
the cells were allowed to grow to 70% fusion degree. For
cell collection, cells were washed with phosphate-buffered
saline (PBS) 2-3 times, digested with trypsin without
EDTA, and gently blown on to prevent cell damage. Cells
were collected by centrifugation at 1,000 rpm for 3 min.
For washing, the cells were resuspended with 400 pL of
binding buffer. AV and PI dyes were added at 4 pL each,
and mixtures were incubated respectively for 15 min in the
dark. BD FACSCalibur (BD, Bioscsciences, San Jose, CA,
USA) flow cytometry was used to detect the staining.

Statistical analysis

All statistical analyses were carried out using IBM SPSS
Statistics 26 (IBM, Armonk, NY, USA). Differences in
baseline data and clinicopathological factors between
the two groups with high and low leptin expression were
compared, with the count data being analyzed by chi-square
test and Fisher’s exact test, and measurement data being
analyzed by two independent samples 7-tests. Kaplan-Meier
survival analysis was used to plot survival curves, log-rank
test was used to test the differences between the curves,
single-factor analysis with Cox proportional risk regression
model was used to calculate the risk ratio (HR) and 95%
confidence interval, and multivariate analysis of Cox
proportional risk regression model was used to correct HR
and 95% confidence intervals (CI) of statistically significant
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variables in univariate analysis.

Results

The expression of LEP analyzed from the Oncomine
database

We retrieved sequence datasets of 389 genes from the
Oncomine database: 42 datasets showed significant
differences of LEP gene expression in different tumor types
compared with normal control tissue (cells), 38 datasets
showed lower expression in breast cancer, colon cancer,
pancreatic cancer, and sarcoma. There were datasets
concerning the high expression level of LEP in esophageal
cancer, lymphoma, kidney cancer, or pancreatic cancer, but
there was no report about the expression level of LEP in
lung cancer (Figure 1A).

We retrieved the results for the gene rank of LEP genes,
specifically the top five gene expression difference data
between lung cancer tissue and normal lung tissue. The
expression of LEP in lung adenocarcinoma (n=527) was
higher than in normal lung tissue (n=1,002). In four of the
five datasets (Figure 1B,C,D,E,F), log2 median expression
differences in the ratio of mRNA ranged from 1.5 to 2.4.
The remaining dataset showed no difference in expression
between tumor and normal tissue.

The expression of LEP in different pathological subtypes of

lung adenocarcinoma detected in sample 1

Tumor tissue samples and normal lung tissue samples of
six patients with different pathological subtypes of lung
adenocarcinoma were collected to observe the differential
expression of leptin, and leptin overexpression was observed
in tumor tissues (Figure 1@G).

We detected leptin expression in six pairs of different
pathological subtypes of lung carcinoma. Results showed that
leptin was overexpressed in five of six pairs of cancer tissues,
with the non-overexpressed sample being a lepidic
predominant adenocarcinoma (LPA) subtype (Figure 2).

LEP expression levels and detailed clinical data analyzed
in sample 2

Tumor tissue of 60 patients, 29 males and 31 females with
an average age of 62.4+8.6 years and a median age of 64
with stage II-III lung adenocarcinoma were embedded in
paraffin. We divided tumor tissue specimens into a high
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expression group (37 cases) and a low expression group
(23 cases) according to the leptin expression level by leptin
IHC staining, using consistent assessment methods.

Analysis of the relationship between leptin expression
levels and various clinicopathological factors (Table I)
showed that leptin expression levels were not associated
with baseline data such as gender, age, or smoking history.
Of T stage, N stage, and clinical pathological stage,
leptin expression levels related to T stage (P=0.041) and
clinical pathological stage (P=0.032). The higher the
leptin expression level, the more advanced the stages,
which suggests that the expression of leptin in lung
adenocarcinoma itself may promote the proliferation of
tumor cells. Within a 5-year follow-up period, patients with
high expression of leptin had a lower 5-year survival rate
than those with low leptin expression (P=0.033). Kaplan-
Meier survival analysis showed a higher risk of long-term
survival (P=0.013) over a 5-year follow-up period (Figure 3).
Meanwhile, T stage (P=0.003) and N stage (P=0.000)
could also significantly affect the long-term survival risk
of patients. The indications of increased survival risks in
older patients compared to lower age groups, but this was
a statistically non-significant difference (P=0.174), which
could be ruled out as a sampling error. Correction by Cox
proportional hazards regression model of multiple factors
(1able 2) indicated that T stage and N stage had significant
effect on long-term survival risk, but the expression of
leptin level had no statistical significance as an independent
predictor of long-term prognosis.

Gene beatmap to express relationships between the genes in
cell signaling pathways with the LEP gene

“limma” package of the R programming language was
used to calculate the differential expression of genes of 524
lung adenocarcinoma tissue samples. The “clusterProfiler”
package from the R program was used for GSEA and
visualization of the co-expression of genes with the LEP
gene, with a P value <0.05 being considered statistically
significant.

It was shown that the PI3K/AKT/mTOR signal pathway
were positively enriched in leptin-overexpressed NSCLC
cases, while the P53 signal pathway were negatively
enriched in leptin-overexpressed NSCLC cases. Gene
enrichment curves and gene set zero distribution curves
were displayed in Figure 4.

With the increasing expression level of LEP gene in lung
adenocarcinoma, a large number of genes belonging to
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Figure 2 Representative image of leptin expression in lung adenocarcinoma. Leptin expression in tumors and paired normal lung tissues was detected by immunochemical staining analysis. (A) Leptin protein was overexpressed in a moderately differentiated lung adenocarcinoma samples with acinar
predominant growth compared with normal control lung tissue. It can be seen that leptin protein was mainly expressed in the parenchyma (epithelial cells) of lung cancer tissues. (B) There was no difference in the expression of leptin protein in a case of well-differentiated lung adenocarcinoma with lepidic
predominant (LPA) growth compared with normal control lung tissue. Leptin was seen to be expressed at low levels in the parenchyma of lung cancer tissue and in normal lung tissue. (C) Leptin protein was overexpressed in a highly differentiated lung adenocarcinoma sample with papillary predominant
growth (PPA) compared to normal control lung tissue. It can be seen that leptin protein was mainly expressed in the parenchyma of lung cancer tissues. (D) Leptin protein was overexpressed in a poorly differentiated lung adenocarcinoma sample with micropapillary predominant growth (MPA) compared
to normal control lung tissue. It can be seen that leptin protein was expressed in both parenchyma and mesenchyme of lung cancer tissues. (E) Leptin protein was overexpressed in a highly differentiated lung adenocarcinoma with solid predominant growth compared to normal control lung tissue. It can
be seen that leptin protein was expressed in the parenchyma, mesenchyme, and normal control lung tissues of lung cancer, but the expression level was low in normal tissues. (F) Leptin protein was overexpressed in a lung minimally invasive adenocarcinoma (MIA) compared to normal control lung tissue
from the same patient. All experiments were repeated three times. Immunohistochemistry staining IHC staining of leptin was performed according to the manufacturer’s instructions. A streptavidin-peroxidase staining kit was purchased from ZSGB BIO (Beijing, China). The paraffin-embedded tissues were
prepared by a pathology specialist, and dewaxed and rehydrated in the lab. The experimental steps were carried out according to the instructions of the SP kit. The tissues were incubated with primary antibodies diluted to the recommended concentration overnight at 4 °C with antibodies that was dilute to

the recommended concentration. Then 3,3'-diaminobenzidine (DAB) staining was performed, and the results were observed under a microscope.
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Table 1 Relationship between Leptin expression level and various
clinicopathological factors

Variable Total Low leptin High leptin ~ ° P
Number of patients 60 23 37 - -
Gender
Male 29 9 20 1.265 0.298
Female 31 14 17
Age 0.109
<64 33 12 21 0.120 0.793
>64 27 11 16
Smoking history
None 30 14 16 1.763 0.288
Yes 30 9 21
T
T1 14 9 5 6.620 0.041
T2 30 11 19
T3/T4 16 3 13
N
NO 7 2 5 3.774 0.335
N1 30 15 15
N2 17 5 12
N3 6 1 5
Pathological staging
I 33 17 16 5.390 0.032
M 27 6 21
Survival rates
Survive 30 16 14 5.711 0.033

Italic P values indicate significant intergroup differences (<0.05).

the PI3K/AKT/mTOR signaling pathway were significantly
enriched (Figure 44). Most of these genes were positively
enriched when the LEP gene was highly expressed, and
a small number were underexpressed when LEP gene
expression was low. The significance of gene enrichment
(P=0.0237) and the false-positive rate (FDR =0.182)
(Figure 4B) indicated that there was a positive regulatory
relationship between the PISK/AKT/mTOR signaling
pathway and the LEP gene.

Increased LEP gene expression in lung adenocarcinoma

was also correlated with a significant enrichment of a large
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number of genes belonging to the pJ3 signaling pathway
(Figure 4C); most of these genes were negatively enriched
when the LEP gene was highly expressed, and a small
number were positively enriched when the LEP gene was
underexpressed. The significance of gene enrichment
(P=0.000) and FDR (0.054) (Figure 4D) indicated that there
was a strong negative regulatory relationship between p53
signaling pathway and the LEP gene.

The heat map was drawn based on the changes in gene
expression in the PI3K/AKT/mTOR and p53 signaling
pathways with LEP gene expression levels in lung
adenocarcinoma (Figure 5). The genes in the two signaling
pathways are consistent with LEP gene expression in
general.

LEP gene expression level correlation with signaling
pathway gene expression levels acquired in the KEGG
database

We visualized the levels of the correlation of lung adenocarcinoma
LEP gene expression with signaling pathway gene expression
in 524 case samples acquired in the KEGG database, using
the “pathview” package of R language. This provided visual
evidence to explore the potential molecular mechanism of
the endogenous LEP gene in lung adenocarcinoma cells
that affects the proliferation of lung adenocarcinoma.

Among the genes belonging to the PI3K/AKT/mTOR
signaling pathway, the expression levels of 36 genes were
significantly correlated with LEP genes, while in those genes
belonging to the p53 signaling pathway, the expression
levels of 82 genes were significantly correlated with the LEP
gene. Affiliations of genes and signaling pathways in the
list were acquired from the KEGG database (https://www.
genome.jp/kegg/). Human gene information was obtained
from the China National Gene Bank Data Platform (https://
db.cngb.org).

The correlation between the expression level of signaling
molecules in PI3K/AKT/mTOR (Figure 6) and p53 (Figure 7)
signaling pathways and LEP gene expression levels are shown
by KEGG cell signaling maps. Red indicates a positive
correlation, and green indicates a negative correlation. It can
be seen from the figure that the LEP gene is closely related
to several important molecules in PI3K/AKT/mTOR and
P53 signaling pathways, including PI3K, CCND1 (cyclin D1),
LC3, MEK, ERK, CDK2, NF-xB, etc. Furthermore, the
PI3K/AKT/mTOR signaling pathway and the p53 signaling
pathway are also closely related to the signaling molecule,
MDM?2; the function of p53 is negatively regulated by the

Ann Transl Med 2021;9(7):568 | http://dx.doi.org/10.21037/atm-20-7482
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Figure 3 The relationship between leptin expression level and long-term prognosis in patients with lung adenocarcinoma. (A) Leptin levels
significantly affect a patient’s overall survival risk (P=0.013); (B) age affects a patient’s overall survival risk (P=0.174); (C) T stage significantly
affects the overall survival risk of the patient (P=0.003); (D) N stage significantly affects the overall survival risk of the patient (P=0.000).

Table 2 COX proportional hazard regression model in 60 patients with lung adenocarcinoma

Variable HR 95%C1 P
Lower Upper

Gender (male) 1.399 0.682 2.869 0.360
Age (=64) 0.995 0.486 2.035 0.988
Smoking history (yes) 1.281 1.091 1.504 0.003
Leptin

Low 1.000

High 2.778 1.190 6.486 0.018
T

T 1.000

T2 4.784 1.099 20.818 0.037

T3 9.058 2.012 40.785 0.004
N

NO 1.000

N1 2.533 0.321 20.003 0.378

N2 12.526 1.629 96.304 0.015

N3 19.184 2.231 164.971 0.007

Italic P values indicate significant intergroup differences (<0.05). HR, hazard ratio; Cl, confidence interval.
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Figure 4 Genes of PI3K/AKT/mTOR signaling pathway and p53 signaling pathway were enriched with increased LEP gene expression
in lung adenocarcinoma. (A) With the expression of LEP gene in lung adenocarcinoma, significant enrichment occurred in the PI3K/
AKT/mTOR signaling pathway, which was mainly positively enriched when the LEP gene was highly expressed, and slightly negatively
enriched when the LEP gene was underexpressed. (B) The PI3K/AKT/mTOR gene set null distribution curve (significance of the gene
enrichment P=0.0237, FDR =0.182). (C) Gene enrichment curve of p53 signaling pathway. With the level of LEP gene expression in lung
adenocarcinoma increased, significant enrichment occurred in genes belonging to the p53 signaling pathway; these genes were negatively
enriched when the LEP gene was highly expressed, and a small number were positively enriched when LEP gene expression was low. (D)
p53 gene set null distribution curve (significance of the gene enrichment P=0.000, FDR =0.0431). ES, enrichment score. NES, normalized
enrichment score. FWER, family wise error rate. FDR, false discovery rate.

PBK-AKT-MDM?2-p53 signal axis (Figures 6,7). Therefore, functions related to tumor proliferation.
it can be inferred that the LEP secreted by the lung
adenocarcinoma c.ells promotes the pr(.)hferatlon.ablhty LEP gene expression levels in four NSCLC lines
of lung adenocarcinoma cells by regulating the activity of

their own PI3K/AKT/mTOR and p53 signaling pathways. Human NSCLC cell lines, A549, H1299, H460, and
These signaling factors strictly regulate a series of biological H322, were collected and cultured iz vitro, with human
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Figure 7 Map of p53 signaling pathway regulated by LEP gene drawn through the KEGG database.

embryonic lung fibroblasts (HLF) and HBE cells used as
their control group. Total RNA was collected and extracted
from the above six cell lines, and the first cDNA strand
was synthesized by reverse transcription. The background
expression level of the LEP gene mRNA in the above six
cell lines was detected by PCR. Semi-quantitative analysis
showed that the expression levels of leptin in the four
NSCLC cell lines were higher than those in the HLF
and HBE cells. H1299 had the highest expression level of
leptin mRNA, the expression level of leptin was slightly
lower in H322, and the expression levels of A549 and H460
were the lowest (Figure 84). We further analyzed the total
protein expression of A549, H1299, H460, H322, and the
control cell line HLF by western blotting, the results were
of which similar to those of PCR. The expression of leptin

© Annals of Translational Medicine. All rights reserved.

in NSCLC cells was higher or higher than that of the
normal control cells. Among these H1299 had the highest
expression level of leptin, A549 had a lower expression of
leptin, and H460 had the lowest expression (Figure §B).

Clonal formation assays

"To verify the role of leptin in lung adenocarcinoma cells,
we knocked down LEP gene and leptin protein expression
levels in H1299 by transient transfection with four shRNA
fragments (Figure 8C). It can be seen that of the four shRINA
fragments, shRNA1 (shl) and shRNA2 (sh2) manifested a
significant effect on silencing the LEP gene. Meanwhile,
leptin expression level in A549 cells was up-regulated by the
OREF fragments of LEP gene, as shown in Figure 8C.

Ann Transl Med 2021;9(7):568 | http://dx.doi.org/10.21037/atm-20-7482
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four types of human lung adenocarcinoma and HLF cells; (C) the intervention effect of shRNA instant transfection on the expression level
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Clonal formation assays showed the expression of
endogenous leptin in H1299-sh was silenced compared
to the H1299-NC cells transferred to the empty control
plasmid. Its ability to form clones was weakened, the
expression level of endogenous leptin was upregulated in
a549-LEP-OE cells, and its clonal formation ability was
significantly enhanced compared with a549- NC cells
(Figure 94). When 50 ng/mL of recombinant leptin was
added to a549- NC cells, the effect was similar to that of
the upregulation of endogenous leptin expression. These
results showed that endogenous leptin had the same effect
on promoting cell proliferation as exogenous leptin.

Effects of LEP gene on cell cycle and apoptosis

The flow cell cycle analysis of PI staining showed that
compared with H1299-nc cells, H1299-lepsh cells had cycle
arrest, and the proportion of cells in G1 phase increased, while
that in the S phase decreased. Correspondingly, A549-LEP-

© Annals of Translational Medicine. All rights reserved.

OE cells promoted cell cycle compared with a549- NC cells,
with the proportion of cells decreased in the G1 phase and
increased in the S phase (Figure 9B). On the basis of inference,
leptin may play an important role in pushing cell cycles past
G1/S checkpoints, which is in accord with our previous results.
The expression level of the LEP gene in lung adenocarcinoma
is consistent with the results of cell cycle G1/S checkpoint
regulatory proteins such as CDK2, cyclin D1, etc. Meanwhile,
AV/PI double-staining flow cytometry apoptotic cell detection
showed that the apoptosis rate of H1299-sh cells was higher
than that of H1299-NC cells, while the overexpression of
LEP gene also significantly decreased the apoptosis rate of
A549 cells (Figure 9C). This suggests that leptin plays an
antiapoptotic role in lung adenocarcinoma cells.

The role of LEP in regulating PI3K/AKT/mTOR and p53

signaling pathways
Compared with H1299-NC cells, H1299-LEPsh the

Ann Transl Med 2021;9(7):568 | http://dx.doi.org/10.21037/atm-20-7482
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Figure 10 Molecular mechanisms of endogenous leptin expression effect on the proliferative ability of lung adenocarcinoma cells. (A) Effect
of endogenous leptin expression on key signaling molecules of PI3K/AKT pathway and its downstream signaling pathway in H1299 and A549
cells detected by western blotting; (B) effect of endogenous leptin expression on the p53 signaling pathway in A549 cells by western blotting;
(C) endogenous leptin expression level on the expression level of autophagy-related protein LC3-II in H1299 cell lines detected by protein
immunofluorescence. (D) Effect of endogenous leptin expression on key signaling molecules of the mTOR pathway and its downstream
signalings in H1299 and A549 cells detected by western blotting. All the experiments were repeated three times. Scale bar: 50 pm.

expression level of endogenous leptin receptor (Ob-R) did not
change, and the expression level of AKT was not significantly
changed, but its phosphorylation level was significantly
decreased. The phosphorylation levels of ERK and NF-kB p65
also decreased. The expression levels of cyclin D1 and CDK2
were downregulated (Figure 10A). Accordingly, compared
with A549-NC, in A549-LEP-OE cells, the above molecules
exhibited the opposite changes. H1299 cells were absent of the
p53 gene, and the expression of p53 protein was not detected
in either H1299-LEPsh or H1299-NC cells.

Western blotting further showed that, compared with
A549-NC cells, the A549-LEP-OE cell phosphorylation of
the MDM2 protein increased, while the phosphorylation
level of p53 protein decreased (Figure 10B). This indicated
that the activity of p53 pathway was negatively correlated
with the expression level of leptin.

© Annals of Translational Medicine. All rights reserved.

At the same time, images of protein immunofluorescence
showed that H1299 and LC3-II protein expression levels
were also downregulated after leptin knockdown (Figure 10C).
After 50 ng/mL of artificially recombinant leptin was
added to the medium of leptin knockout H1299 cells, the
expression level of LC3-II was once again upregulated. The
results of western blotting analysis showed that the mTOR
phosphorylation levels and LC3-II expression were down-
regulated while the expression of leptin was knocked down in
H1299 cells, and up-regulated while the expression of leptin
was up-regulated in A549, and the P62 expression manifested
a reversed tendency in either groups (Figure 10D).

Discussion

A large number of studies have suggested that the cancer-

Ann Transl Med 2021;9(7):568 | http://dx.doi.org/10.21037/atm-20-7482
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promoting role of leptin in different cancers, some of these
studies have also suggested that leptin has potential as an
anticancer drug target. In the current study, we explored the
phenomenon and mechanism by which autocrined leptin
promotes the proliferation of NSCLC. We first detected
the expression levels of leptin in six lung adenocarcinoma
specimens and their paired normal lung tissues. It was
found that leptin was overexpressed in the majority of these
six tumor tissues compared with each paired normal tissue.
It was also found that with the increase of the malignancy
of the cancer subtypes, the expression of leptin protein
increased gradually compared with normal tissues. In the
adenocarcinoma tissues with a higher degree of malignancy,
such as lung adenocarcinoma with micropapillary and solid
predominant growth, LEP expression was increased not
only in the tumor itself, but also in the tumor stroma.

Furthermore, we explored the relationship between
leptin expression and lung-term prognosis in lung
adenocarcinoma patients. It was shown that the leptin
expression level could serve as an auxiliary prognostic factor
in addition to T\ N stage and age in 60 patients. These
results suggested that leptin may play an important role in
the development of lung adenocarcinoma.

In our study, we found no relationship between leptin
expression in tumor tissues and gender. However, in a
prospective study in Sweden, higher circulating leptin
levels in men were associated with a higher the risk of colon
cancer, but this was not the case for women (29). Similarly,
in another study, leptin was associated with a higher risk of
colon cancer only in men, but no association was observed
in women (30). A Norwegian study also found a positive
correlation between circulating leptin levels and colon
cancer risk in men (31). Conversely, a collaborative Japanese
cohort study (32) and Women’s Health Initiative (WHI)
cohort study (33) reported that women with higher leptin
concentrations had a higher risk of developing colorectal
cancer. Finally, one meta-analysis of six prospective studies
found that the higher the leptin concentration was, the
higher the risk of colorectal cancer (34).

A univariate Cox proportional risk regression model
analysis showed that leptin expression level, smoking
history, T stage, and N stage had influence on the long-
term survival risk of patients. Among these, T stage and N
stage had been recognized as evaluation factors. Smoking
history was also a fairly well-acknowledged independent risk
factor for lung cancer. The current results demonstrated
that leptin level was not an independent factor for lung
adenocarcinoma prognosis, but it was in consistent with

© Annals of Translational Medicine. All rights reserved.
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T stage of the tumors. While T stage reflects the number
and size of tumor lesions, which is closely related to the
proliferation ability of tumor cells. It was speculated that
leptin may affect the prognosis of patients by affecting the
proliferative capacity of lung adenocarcinoma.

Circulating leptin can directly act on tumor cells, such
as those of the breast, colon, prostate, or other malignant
tumors. However, a recent meta-analysis showed that
plasma leptin concentration had no significant effect on the
survival rate and survival time of lung cancer patients (18). It
is possible that the presence of a special functional structure,
the blood-air barrier in the lung because of which leptin in
the serum could not act directly on lung epithelial cells. The
presence of this special structure of the blood-air barrier
makes leptin act on lung cancer cells in a different manner
from the above tumors, resulting in the aforementioned
plasma leptin concentration having no significant impact on
lung cancer patient’s survival and survival time. Therefore,
we speculate that leptin may promote proliferation of
lung cancer cells through the autocrine and is likely to
promote proliferation by similar mechanisms to that of
serum leptin on other cancers. The present study, it was
predicted by bioinformatics that the expression level of LEP
genes in lung adenocarcinoma was consistent with that of
CDK2, cyclin D1, and other cyclins, which are important
regulatory proteins at the G1/S checkpoint, and leptin may
play an important role in pushing cell cycle across the G1/S
checkpoint. This suggests that leptin may play a crucial role
in the genesis and development of tumor proliferation.

In the current study, flow cytometry analysis of apoptosis
showed that leptin expression was negatively correlated
with apoptotic activity, which suggests that leptin plays an
antiapoptotic role in lung adenocarcinoma cells. As was
shown by previous reports, antiapoptotic effect of leptin has
also been observed in breast cancer.

Bioinformatic analysis analyzing the tumor genome
sequencing data of the 524 lung adenocarcinoma patients
from T'CGA predicted that leptin had a positive regulating
effect on the PI3K/AKT/mTOR signaling pathway, and a
negative regulating effect on the P53 signaling pathway.
We identified a batch of genes whose expression levels
were significantly correlated with that of leptin in lung
adenocarcinoma specimens.

The LEP gene is closely related to some important
signaling molecules in the two signaling pathways, including
PI3K, CCND1 (cyclin D1), LC3, MEK, ERK, CDK2, NF-
kB, etc. These signaling factors strictly regulate cell
proliferation, apoptosis, cycle, autophagy, and a series of
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biological functions closely related to tumor proliferation.
Meanwhile, the PI3K/AKT/mTOR signaling pathway is
also closely connected with the p53 signaling pathway
via the signaling molecule, MDM?2. The function of pJ53
is negatively regulated by the signal axis of PI3K-AKT-
MDM2-P53. We found that the genes in the two signaling
pathways were generally consistent with the LEP expression
Therefore, we can infer that LEP secreted by lung cancer
cells promotes the proliferation of lung adenocarcinoma
cells by regulating the activity of its own PISK/AKT/mTOR
and pJ3 signaling pathways.

In order to verify the above phenomenon at the level
of molecular mechanism, the effects of leptin expression
levels in H1299 and A549 cells on key signaling molecules
in the PI3K/AKT/mTOR signaling pathway and p53
signaling pathway were detected by western blotting
and immunofluorescence staining. The results are in
accord with previous results. It could be inferred that
manifested a promoting effect on the proliferation of
lung adenocarcinoma cells, which was similar to that of
exogenous leptin on the proliferation of other tumor cells.
In terms of mechanism, we found that the endogenous
LEP gene of lung adenocarcinoma has a positive regulatory
relationship with its own PI3K/AKT/mTOR signaling
pathway, and a strong negative regulatory relationship
with p53 signaling pathway. It simultaneously activates
the MAPK/ERK pathway and NF-kB signaling pathway,
thus accelerating the cycle of lung adenocarcinoma
cell proliferation and inhibiting cell apoptosis, which,
together, accelerate the growth of lung cancer cells.
Lung adenocarcinoma cells may regulate the PISK/AKT/
mTOR and p53 signaling pathways through the expression
of endogenous LEP gene, thus promoting their own
proliferation. To our knowledge, this is the first study
to provide evidence for this specific mechanism in lung
adenocarcinoma.

The current study enriched the theoretical basis of the
role of leptin as an important hormone in physiological and
pathological processes. On the basis of previous studies, we
known that leptin not only promotes tumor development
as a serum hormone, but also acts on NSCLC cells in
an autocrine manner to promote their proliferation, and
leading to tumor progression and poor long-term prognosis.
The findings of this study are helpful to provide new
molecular targets for the diagnosis, treatment and prognosis
of NSCLC. This study also has limitations, such as lack of
in vivo experiments and small sample size of clinical cases.
These deficiencies limit the discussion of the application
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value of leptin and should therefore be moderated in future
studies.

Conclusions

Autocrined leptin was observed in the majority of NSCLC
cases, which could serve as an auxiliary prognostic factor for
NSCLC patients. Autocrined leptin had a promoting effect
on the proliferation of NSCLC cells. Autocrined leptin
promotes NSCLC proliferation probably though positively
regulating the PI3K/AKT/mTOR signaling pathway and
negatively regulate the P53 signaling pathway.
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